Experimental material consisted of one-day Pharaoh quail chicks, which were separated into three experimental groups. The birds of group I received a fodder, the nutritive value of which was consistent with recommended feeding standards for growing quails, whereas for those of group II and III the protein level was lowered in all feed mixes appropriated for the whole rearing period. During the experiment, individual body weight, feed consumption, and bird deaths and their health culling were controlled. At the age of 42 days, 11 males of each group, with a body weight similar to the group mean, were slaughtered. In blood samples collected, the level of amylase was assayed, as well as quail slaughter value was calculated and depot fat and extramuscular fat contents were determined. Meat chemical determinations were made (dry matter, protein and fat contents), as well as physicochemical (pH, colour, water binding capacity) and sensory ones (cooked meat and bouillon). Basing on the performed examination, it was found that a lowered level of protein in fodder did not affect quail body weight, slaughter yield, or breast part and leg participation in body weight. Carcass fatness decreased and meat water binding capacity improved. The values of majority of other examined meat qualitative traits were similar to those obtained in control group.
Introduction
Most consumers expect from manufacturers not only a wholesome but also a cheap food. Application of the lowered level of total protein in poultry diet may be one of means for reducing production costs as well as for smaller fatness of poultry carcasses. Results of research works with the use of lowered protein level in poultry diet do not give a clear-cut answer, although in general no worsening of production indicators has been stated (JAMROZ et al., 1981; DASZKIEWICZ et al., 1998; TARASEWICZ et al., 2006) , which is a positive phenomenon. In other experiments, a higher body weight of birds fed with low-protein diet was found ŚWIERCZEWSKA et al., 2000) . Positive manifestation of using a lowered protein level in fodder can be a smaller fatness of poultry carcasses stated by some authors (WILKIEWICZ-WAWRO et al., 2003) . In the literature, however, there are also reports where smaller gains were found in birds due to feeding with low-protein fodder (OCAK and ERENER, 2005; SHAHIN and EL AZEEM, 2005; DA SILVA et al., 2006; SHAHIN and EL AZEEM, 2006) . The analysis of findings, being exclusive on frequent occasions, collected up to present as well as insufficient number of studies on quail do not allow for a simple answer whether there is a possibility of lowering the level of protein in feed mixes without worsening production indicators and quality of final product in that poultry species. Therefore, there is a need for carrying out further observations that will take into consideration not only a different level of protein but also a composition of feed mix and a production trend, all that against a background of environmental and zoohygienic conditions. The objective of the study was to determine the effect of lower protein level in feed mixes used in quail rearing on production indicators and carcass fatness as well as chemical composition and physicochemical and sensory attributes of the breast muscles of 6-week-old quails.
Material and methods Experimental material consisted of Pharaoh quails coming from own clutch. In the experiment, the quails were treated both as production animals and an experimental model for laying hens. The usefulness of quails for model test for hens may be evidenced by the concurrence of results from research carried out on both poultry species. One-day chicks were weighed and separated into three groups. Each group consisted of 120 birds with similar body weight. On day 21 of life, 52 males of each group were selected for further examination. Male selection was made basing on sexual dimorphism in plumage colouration. During the rearing period, quails were kept in cages typical for that species at room temperature and with lighting regime adapted to quail age (RUTKOWSKI, 2000) . In control group, quails were fed with standard feed mixes with nutritive value consistent with the NUTRIENT REQUIREMENTS OF POULTRY (1996) . In experimental groups II and III, the level of protein in feed mixes appropriated for all rearing stages was lowered. In group II, it amounted to 25% in the first rearing stage (to 7 days), to 22% in the second stage (8-22 days), and to 19% in the third one (29-43 days), whereas to 22%, 20% and 18%, respectively, in group III. While lowering protein level in feed mixes in relation to that recommended by the NUTRIENT REQUIREMENTS OF POULTRY (1996), their energy value was also reduced in order to maintain the energy-protein ratio at a similar level. The content of calcium and phosphorus as well as that of lysine and methionine in feed mixes fed to all groups in respective stages was similar (Tab. 1). The quail had a permanent access to fodder (in loose form) and water. Uneaten fodder was weighed once a week. During the experiment, individual body weight was controlled on selected rearing days, i.e. on day 7, 28 and 42 of life (transition from one feed mix to another one with different nutritional value). Also feed consumption in respective rearing stages and in the whole rearing period was controlled during observations, as well as bird deaths and their health culling. On day 42 of life, 11 individuals with a body weight approximating the group mean was selected of each group for slaughter. Out of them, blood samples were collected from 10 males of each group for assaying amylase level in their blood serum, which was determined by the kinetic method (CNP-G3). After decapitation, selected internal organs were collected, i.e. liver, gizzard, heart and testicles, for the assessment of their development determined by their proportional participation in body weight. After post-slaughter treatment, carcasses were stored in cooling chamber at about 10°C for 24 hours. Thereafter, the amount of depot fat was determined in carcasses, followed by isolation of the breast part with bone and of the leg and determination of extramuscular fat amount in them. Only breast muscles were appropriated for further examination. In these muscles was determined: pH reaction by measuring it directly in the sample using a pX processor PM-600 pH-meter with a combined glass electrode ESAgP-307, colour of fresh muscles using a CIELAB system apparatus as L * , a * , b * (CIE, 1978) , and water binding capacity as the content of free water (GRAU and HAMM, 1953) . Moreover, the following was also determined in them: basic chemical composition (dry matter, total protein, crude fat, ash), cholesterol content by a colourimeteric method described by KRAUSE et al. (1966) , and selected chemical elements (Ca, Na, K, Mg, P, Fe, Cu, Zn, Se, Mn) using an inductively induced plasma optical emission spectrometry (ICP-OES) method. Sensory attractiveness of muscles and bouillon was determined after cooking with water (1:3) without condiments at 85°C until soft. When assessing the sensory attributes of meat and bouillon, a 5-point scale was used, with 1 point being a worse score and 5 points a best one. This assessment was carried out by a 5-person test panel according to the Polish standard PN-ISO 3972. The cooking losses were determined from a difference in meat sample weight before and after cooking. The obtained results were analysed statistically with one-factor analysis of variance and the Duncan's test using procedures of STATISTICA 6.0 software package.
Results One-day chicks were of a similar body weight, ranging from 7.3 g in group I to 7.5 g in group II (Tab. 2). The equalised body weight was also found in quail chicks on day 7 of their life. Significant differences in the body weight of males were found on day 28 of life. Mean body weight in the control group amounted to 120 g and was higher by 10.7 and 7.7 g when compared with that of group II and III. Statistically significant differences in the body weight of males were also stated on day 42 of life, being similar in both experimental groups (II and III) but lower by about 7.6 g when compared to that of control group. In the first rearing period, the largest amount of fodder was consumed by control group quails (I), in which daily feed consumption per 1 individual amounted to 4.4 g and was by about 0.5 g higher on average in relation to that of both experimental groups. In the second feeding stage, feed consumption was similar in all groups (14.4 g on average), whereas in the third rearing period, like in the first one, the highest daily feed consumption was stated in the control group -30.1 g, with 25.9 g in experimental groups II and III. However, these differences were not statistically significant. In the whole rearing period, mean feed consumption converted to one quail ranged from 679.0 g (group III) to 746.7 g (group I). Smaller losses due to bird deaths and health culling in quail rearing period were found in both experimental groups, and they were by about 4% smaller when compared with control group (Tab. 3). The highest level of amylase activity determined in the blood serum of quail males, however not confirmed statistically, was found in group I (177.2 U/L), whereas the lowest one in group II (165.3 U/L) ( Fig.) . In order to confirm the proper development and correct functioning of quail organisms, certain internal organs were collected from males and their proportional participation in the body weight was determine. Only small, statistically nonsignificant differences were found in the weight and proportional participation of liver, gizzard and heart in the males on the 42nd day of life. The weight of testicles in the 6th week of life ranged from 2.1 g (group III) to 3.4 g (group I), which constituted respectively 1.33 and 2.07% body weight. These differences in the weight of testicles between the control group (I) and experimental ones were statistically significant (Tab. 4). The weight of male carcasses was similar in all groups and ranged from 104.5 g (group III) to 106.5 g (group I), whereas the weight of breast muscles with bone from 48.8 g (group II) to 49.3 g (group I), which constituted 46.3% carcass weight (Tab. 4). In the carried out experiment, the quail fatness was assessed by determining the amount of depot fat and that of fat collected from the surface of whole muscles (cover fat) expressed in the form of proportional participation in the muscle weight. Most depot and cover fat was found in control group (2.5% and 3.2%, respectively), whereas the least in group III (2.0% and 3.0%). These differences between group III and other groups were confirmed statistically (Tab. 4). It results from the performed chemical analyses that breast muscles of all quail groups contained a similar amount of dry matter (from 27.0% in group I to 27.5% in group II) as well as of total protein (from 24.5% in groups I and II to 24.9% in group III) (Tab. 5). Least crude fat (1.76%) and cholesterol (0.60 mg/g) was found in control group, however the differences between this group and other groups were statistically nonsignificant. The breast muscles of quails were rich in iron, its amount ranging from 23.3 (group III) to 24.4 µg/g (group I). The evaluated muscles of all quail groups were characterised by a relatively high content of potassium and phosphorus, amounting respectively to 3.8 and 3.9 mg/g on average, and not differing significantly (Tab. 5). The fed diets did not have any significant effect on the content of any chemical element analysed, not on the ash content in the meat of young quails either. The results of physicochemical and sensory determinations are presented in Table 6 . The reaction (pH) of muscles 24 hours after slaughter ranged from 5.50 to 5.65 and was similar in all examined groups. The results of measurement of such parameters of fresh muscle colour as L * , a * and b * were similar in all quail groups examined and did not differ significantly. The losses of juice during cooking were at a similar level in all examined groups and amounted respectively to 35.8%, 35.6% and 35.8%. No statistically significant differences were found between respective groups in that respect. The statistical analysis of obtained results with respect to the amount of free water as a measure of fresh muscle water binding capacity showed a better water binding capacity of the breast muscles of quail groups III (0.39%) and II (0.45%), i.e. of groups receiving a smaller amount of protein in feed mixes when compared with control group (0.91%). The sensory evaluation of meat from the breast included also such discriminants as flavour, juiciness and tenderness, whereas that for bouillon referred to its colour, aroma and flavour. The flavour of breast meat obtained the highest score in all examined groups, whereas its juiciness from 3.45 (group II) to 3.52 points (group I). Similar score in groups obtained meat tenderness. No significant differences were found in all determined bouillon discriminants either (Tab. 6). HOWES and BEANE (1966) point to a possibility of lowering total protein level in the diet for young quails to 20% with no negative effect on their body weight gains, providing however for s suitable level of lysine and methionine. In the experiment of VOHRA and ROUDYBUSK (1971) , quails fed with a diet containing 20% total protein weighed about 120 g in the 6th week of life, whereas those fed with a fodder containing an increased level of protein, to 25%, weighed about 130 g. The increase of body weight took place with the increase of fodder protein level to 30%, whereas after exceeding over 35% the body weight increased up to the 2nd week of life only and then a worsening of body weight gain was observed. In the own research, when lowering fodder protein level and maintaining a similar level of lysine and methionine, a lower body weight, by 4.4-4.7%, was observed in the quails of both experimental groups in the final rearing stage when compared to control group. Also OCAK and ERENER (2005) found a negative effect of quail feeding method during the rearing period on their final body weight. However, the cited authors applied in their experiment a feeding reduced by 30% in relation to recommended standards.
Also ŁAMBUCKI (2001) in research on hens showed a negative effect of low-protein feed mixes on the final body weight. The reduction of protein level by 10% brought about a lowering of body weight by 9.6%. Carcasses of broiler chickens fed with low protein diet either low or high fibre ones, had less muscle and fat than carcasses of chickens fed with high protein diet EL AZEEM, 2005, 2006) . ŚWIERCZEWSKA et al. (2000) are of the opinion that the quantity of protein, and first of all the energy-protein ratio, determines production results. The cited authors found in their research on chicken broilers that a diverse protein level in feed mixes allowed for obtaining by them a body weight and feed consumption similar to those of control group, when maintaining the same energy-protein ratio. It results from other research works (JAMROZ et al., 1984 ) that reduction of total protein level in concentrate feed mixes by several per cent induced a lowering, although a slight (1-4%) one, of production indicators, including also dissection and biochemical ones, despite supplementing amino acid shortages. In the own research, the quails of both experimental groups consumed less fodder that those of control group. Similar results were obtained by DA SILVA et al. (2006) . In the studies on chicken broilers, the reduction of total protein level in diet diversified feed consumption, i.e. ŁAMBUCKI (2001) showed an increase in feed conversion by about 5% with reduction of protein level by 10% in feed mixes for chicken broilers, whereas JAMROZ et al. (1981) and ŚWIERCZEWSKA et al. (2000) did not show any change in feed conversion rate in chicken broilers fed with low-protein fodder. SZCZUREK and PISULEWSKI (1996) , when lowering total protein content (to 16.5%) in a grower mash enriched in pure amino acids to the level provided for in national standards, did not find a worsening in weight gains and feed conversion, with a simultaneous reduction of discharge of nitrogen compounds in chicken faeces by about 29%. The lowering of total protein level to 13.5% worsened production indicators but did not result in a further decrease of nitrogen discharge. In the present examination, smaller losses due to deaths and health culling, by about 4%, were found in both experimental groups. Also PUDYSZAK and MIKULSKI (1998) inform about no effect of lowered protein level in feed mixes on the losses in quail rearing. GEBHARDT-HENRICH and MARKS (1995) , applying restrictive quail feeding, found a considerably higher mortality rate in experimental groups. The activity of alpha-amylase is a resultant of its formation and excretion processes. In poultry, it depends to a considerable extent on the functioning of pancreas, as salivary alpha-amylase plays a limited part in birds. The obtained results may be evidence of proper maturation of the alimentary tract to digestion of starch from fodder. Usually, a low level of the activity of that enzyme in blood accompanies better feed conversion. The values for the amylase activity in quail blood determined in the experiment were subjected to large variation in individual birds. WERTELECKI and JAMROZ (1997) in a similar experiment carried out on chickens did not find significant differences between groups either. In the present research, no negative effect was found of low-protein diet on the proportional participation of liver, heart and gizzard in quail body weight, thus the applied feeding did not affect development of these organs, except for a statistically significant one in case of the participation of testicles. Similar values characterising quail male gonads to those obtained in the present study were reported by MARKS et al. (1990) , who at the same time demonstrated that there were correlations between testicle weight and depot fat and cholesterol contents in blood. This correlation was confirmed in part by TARASEWICZ (1998) . This author recorded the smallest weight of testicles in males of the group that was characterised by the lowest cholesterol content in blood. The slaughter value, similar in all quail groups examined, showed that fodder protein level did not have any significant effect on that trait, not on the participation of breast part in male carcass weight either. On the other hand, a significant effect was found in case of the participation of legs in carcass weight. Partial confirmation of the obtained results can be found in the paper of OCAK and ERENER (2005) , who reported that quail feeding method in the rearing period did not affect the slaughter value, nor the participation of breast muscles in quail carcass. Basic chemical composition of breast muscles was similar in all examined groups. No significant effect of fodder protein level on meat chemical composition in chickens was reported by ŚWIERCZEWSKA et al. (2000) . In the present research, most depot fat and that on the surface of muscles (cover fat) was found in control group. The reduction of poultry carcass fatness in result of lowering fodder protein level was also observed by ROSEBROUGH and STEELE (1985) , MUSCALU et al. (1993) , WILKIEWICZ-WAWRO et al. (2003) , SHAHIN and EL AZEEM (2006) and KUL et al. (2006) . The acidification of breast muscles after 24 hours from slaughter was similar in all quail groups examined. No effect of feeding on its level was found. The obtained results are in conformity with those received by DASZKIEWICZ et al. (1998) . The measurement of meat colour did not show any effect of the lowered protein level in fodder on colour lightness (L * ), red colour partcipation (a * ) and yellow colour participation (b * ). Similar results were obtained by DASZKIEWICZ et al. (1998) , who examined the effect of low-protein diets in quail feeding on the formation of meat colour. The cooking losses of breast muscles were at a similar level in all quail groups examined, being at the level that is typical for quail meat (GARDZIELEWSKA et al., 2005) . The statistical analysis of the results obtained when determining the amount of free water (as a measure of water binding capacity in muscles) showed a significantly better water binding capacity in the breast muscles of males from both experimental groups, i.e. the groups receiving lower protein amounts. JAMROZ et al. (1984) found a substantial trend for increasing meat water binding capacity when lowering the amount of protein in fodder. Basing on the performed examination, it was found that a lowered level of protein in fodder did not affect quail body weight, slaughter yield, or breast part and leg participation in body weight. Carcass fatness decreased and meat water binding capacity improved. The values of majority of other examined meat qualitative traits were similar to those obtained in control group.
